Paraxonia, the clade that includes cetaceans (whales) and artiodactylans (even-toed hoofed mammals), is exceptionally well documented for diverse character systems (reviewed by Gatesy and O'Leary, 2001) . Given this wealth of phylogenetic data, the group has been utilized as a model system to examine a variety of critical issues in modern systematics, including taxon sampling (e.g., Philippe and Douzery, 1994) , the importance of fossils (e.g., O'Leary, 2001 ), supertree analysis (e.g., Liu et al., 2001) , supermatrix analysis (e.g., Matthee et al., 2001) , and the relative quality of different data sets (e.g., Gatesy, 2002) . In this paper, we explore this last issue further.
Specifically, we critique an interpretation of the pattern of evolution of dental characters presented in a recent reanalysis of morphological data for paraxonians (Naylor and Adams, 2001) . Within the context of a broader reanalysis of morphological and molecular data, we argue that (1) a variety of logical and empirical mistakes were made by Naylor and Adams (2001) , (2) the conclusions of that study are therefore not supported by the data, and (3) more extensive total evidence/simultaneous analyses (Kluge, 1989; Nixon and Carpenter, 1996a ) of morphological, behavioral, and molecular data will be required to choose decisively among competing hypotheses of whale origins.
NAYLOR AND ADAMS (2001)
The matrix of O' Leary and Geisler (1999) included gross anatomical data from multiple extant families of paraxonians and enabled direct comparisons of morphological characters with previously published molecular evidence. Simultaneous analyses (Nixon and Carpenter, 1996a) of the combined molecular and morphological data yielded poorly resolved topologies, and the systematic position of the wholly extinct clade Mesonychia, traditionally considered among the closest phylogenetic relatives of Cetacea, was highly unstable (O'Leary, 1999 (O'Leary, , 2001 . Gatesy and O'Leary (2001) suggested that additional characters and taxa would be required to sort out this difficult phylogenetic problem.
In contrast to this total evidence approach, Naylor and Adams (2001) examined the phylogenetic signal in O' Leary and Geisler's (1999) data set and attempted to resolve paraxonian phylogeny by the exclusion of different classes of systematic data. In an appendix, O'Leary and Geisler (1999) had arbitrarily divided their morphological matrix into five sets of characters (dental, cranial, basicranial, postcranial, and soft tissue) and warned that "these partitions are . . . simply constructs to organize information and are not meant at present to convey any knowledge of biologically based character-relatedness" (1999:466). Naylor and Adams, however, used the bookkeeping structure of O' Leary and Geisler's (1999) appendix as classes of phylogenetic evidence and assessed disagreements among these classes of data using the incongruence length difference (ILD) test of Farris et al. (1995) . The dental, basicranial, and postcranial characters showed significant conflicts, but there was no clear distinction between anomalous and consistent phylogenetic signals in the morphological matrix. Naylor and Adams (2001) then applied taxonomic congruence; they analyzed partitions separately, analyzed the morphological data set with different partitions excluded, and compared the topological results of these individual analyses to those of previously published molecular trees.
Based on this series of analyses, Naylor and Adams stated that "the dental characters emerged as the most different from the other partitions " (2001:447) and that "analysis of all morphological data excluding dental characters results in a topology entirely consistent with that of the molecular data " (2001:448) . They then argued that the dental characters offered an "anomalous hierarchical signal in one character partition of the data" (2001:448) and exhibited "nonindependence" (2001:450) . They cited descriptive research on tooth development in mammalian model organisms (e.g., rodents) and generalizations about adaptive evolution to support their argument that developmental constraints and directional selection might predispose teeth to evolutionary convergence. Naylor and Adams concluded that "-the mostparsimonious reconciliation [of the morphological and molecular evidence for Paraxonia] is that the dental signal is suspect " (2001:453) .
We contend that the procedure used by Naylor and Adams (2001) to identify conflicting morphological data was an amalgam of taxonomic congruence (e.g., Miyamoto and Fitch, 1995) , conditional combination (e.g., Bull et al., 1993) , and evolutionary taxonomy (e.g., Mayr, 1969) , and we would not advocate its general application. The conclusions reached by Naylor and Adams (2001) regarding the inconsistency of dental evidence SYSTEMATIC BIOLOGY VOL. 52 were quickly incorporated, without critical reexamination, into subsequent studies (Gingerich et al., 2001; Thewissen et al., 2001; Harris et al., 2003) . This acceptance is problematic because many of Naylor and Adams's (2001) conclusions are not supported by the data.
DEBATED PHYLOGENETIC POSITIONS FOR MESONYCHIA
Initially taking a taxonomic congruence approach, a comparison of topologies supported by different data sets (see Miyamoto and Fitch, 1995) , Naylor and Adams (2001) did not state clearly the spectrum of possible outcomes to the debate about cetacean phylogeny. In the first paragraph of their paper, they outlined a dichotomy of supposedly competing hypotheses (2001:444):
The traditional paleontological view is that an extinct order of mammals, the Mesonychia, is the sister taxon to Cetacea.. . . The molecular evidence, by contrast, supports a phylogenetic hypothesis in which Cetacea is nested deeply within the Artiodactyla, implying that Artiodactyla is paraphyletic with respect to Cetacea.
In the context of combining data from extinct and extant organisms, these hypotheses, however, should not be viewed as mutually exclusive (Figs. 1a, 1b) . Mesonychia could group closest to Cetacea regardless of whether Artiodactyla is paraphyletic or monophyletic ( Fig. 1c ; also see Gatesy et al., 1996; O'Leary, 2001 ). The real topological incongruence among previous morphological and molecular analyses of Paraxonia can be observed very clearly by ignoring the extinct clade Mesonychia and directly contrasting relationships among extant artiodactylan families and Cetacea (Figs. 1d, 1e) . Morphological data support a monophyletic Artiodactyla with a sister group relationship between suine artiodactylans (pigs) and hippopotamid artiodactylans (hippos), but molecular data generally favor a paraphyletic Artiodactyla, with a close association between whales, hippos, and ruminant artiodactylans (sheep, mouse deer, and close relatives). Because molecular data have not been collected from mesonychians (these animals have been extinct for approximately 45 million years) any placement of Mesonychia relative to extant paraxonian taxa is equally parsimonious for molecular data.
Put another way, disproving a sister taxon relationship between Mesonychia and Cetacea is not tantamount to achieving congruence between molecular and morphological data partitions. This is because the hypothesis that Mesonychia is the sister taxon of Cetacea is not synonymous with the hypothesis that Artiodactyla is monophyletic. Naylor and Adams (2001) , however, treated these two hypotheses somewhat interchangeably (Fig. 1) , which has contributed to a variety of misinterpretations in the remainder of their analysis.
INCONCLUSIVE ILD TESTS
Naylor and Adams (2001) also took a conditional combination approach by using statistical tests to expose incongruent classes of data (see Bull et al., 1993; de Queiroz, 1993) . They "examined the homogeneity of Leary and Geisler (1999; also see Geisler, 2001 ). Red circles mark clades supported by morphological data that conflict with molecular studies (see Gatesy, 1998; Gatesy and O'Leary, 2001 , and references therein). (e) Relationships among extant paraxonians supported by approximately 1 million base pairs of DNA sequence and insertions of transposons . Asterisks signify that a taxon is entirely extinct. Lineages that connect extant taxa are dark gray; all other taxa are extinct. the phylogenetic signal across the five different morphological data partitions presented in [O' Leary and Geisler's (1999) ] paper"-(2001:446). As noted above, O' Leary and Geisler (1999) previously had warned that these partitions (basicranial, cranial, dental, postcranial, and soft tissue) were just arbitrary bookkeeping constructs, one way of organizing a list of cladistic characters according to anatomical proximity. For example, the postcranial partition could just as easily have been divided by O' Leary and Geisler (1999) into four partitions (e.g., forelimb, hind limb, vertebral, and pelvic), and any character in the dental or basicranial partitions could have been considered part of the cranial partition. If partitions were to be used for anything other than bookkeeping, it was incumbent upon Naylor and Adams (2001) to provide a phylogenetic argument for their chosen partition boundaries, because no such rationale was used by O' Leary and Geisler (1999) . As Siddall (1997) , Kluge (1998) , and others have noted, there are as many arbitrary character partitions as the imagination allows. Unlike character cliques that are homogeneous in terms of phylogenetic signal (Estabrook et al., 1976) , partitions defined solely by anatomical proximity or morphological criteria often contain mixed phylogenetic signals, as did those of O' Leary and Geisler (1999) .
Pairwise ILD tests among the five arbitrary character sets showed that three comparisons were significant: basicranial versus dental (P = 0.001), basicranial versus postcranial (P = 0.004), and postcranial versus dental (P = 0.001). In ILD tests between individual partitions and the remaining data, two comparisons were significant: basicranial versus other morphological traits (P = 0.001) and dental versus other morphological traits (P = 0.001). According to Naylor and Adams (2001) , the ILD test results indicated that "the dental characters emerged as the most different from the other partitions, followed by the basicranial characters" (2001:447). The postcranial partition, which had two significant ILD scores, was not considered problematic in the remainder of Naylor and Adams's (2001) study.
Given these ILD analyses, and the standard conditional combination argument that "if data sets are demonstrably heterogeneous they should not be combined in an analysis that assumes character homogeneity" (Bull et al., 1993:385) , there would appear to be no defensible way in this example to sort out a single discrepant partition. The test results showed that there were multiple conflicting interactions among three character sets (basicranial, postcranial, and dental); removal of any one of these incongruent partitions leaves at least two significantly conflicting partitions in the residuum. Therefore, Naylor and Adams's (2001) statement that the nondental character sets represented "data partitions for which the hierarchical signals were mutually compatible" (2001:446) is inconsistent with their ILD test results because the nondental partition included the basicranial and postcranial character sets that were significantly incongruent. The five morphological partitions could be merged into minimally three data sets if significant internal conflicts among dental, basicranial, and postcranial characters were to be avoided.
These specifics underscore a more general point. The original authors of the ILD test (Farris et al., 1995) never suggested that it should be implemented as a criterion for excluding data, and numerous authors recently have criticized this test as a basis for separation of character sets (e.g., Barker and Lutzoni, 2002; Darlu and Lecointre, 2002; Dowton and Austin, 2002) .
INTERPRETATION OF ILD TEST RESULTS
BY TAXONOMIC CONGRUENCE Based on the ILD results, which showed no clear distinction between anomalous and consistent phylogenetic signals in the morphological matrix, Naylor and Adams (2001) again implemented a taxonomic congruence approach (Miyamoto and Fitch, 1995) . They compared topologies supported by separate analyses of different morphological partitions with previously reported molecular topologies (Fig. 1e) "to determine the nature of the phylogenetic signal differences among data partitions found to be distinct by the ILD tests"- (2001:447).
An analysis of all morphological characters, excluding the dental data, yielded a 50% majority rule consensus tree (Naylor and Adams, 2001: fig. 2 ) that was inconsistent with O'Leary and Geisler's (1999) results (Fig. 2a) . Naylor and Adams (2001:447) suggested that the resulting phylogeny was similar to that of the molecular data only. Specifically, Artiodactyla was paraphyletic with respect to Cetacea, and the Hippopotamidae were found to be the closest living relatives to Cetacea. . . .
When the basicranial partition was excluded [from the combined morphological data set], the relationships among the major clades were nearly identical to those found by O' Leary and Geisler (1999) . Artiodactyla, Cetacea, Mesonychia, and Perissodactyla were all found to be monophyletic, and Mesonychia was the sister-group to Cetacea. This implies that the basicranial partition has little influence on the topology obtained by O' Leary and Geisler (1999) .
When both the dental and basicranial partitions were excluded, Artiodactyla was found to be paraphyletic with respect to Cetacea. . . . Although the remaining signal supports Artiodactyl [sic] paraphyly, it does so only weakly.
The tests described above identify the dental partition as the one exerting the most influence on topology for O'Leary and Geisler's (1999) data set. . .. When the dental data are removed, the remaining morphological characters (extant and fossil combined) yield a tree corresponding to that obtained from an analysis of the molecular data alone. In fact, a phylogenetic analysis of the dental data alone supports a close relationship between Cetacea and Mesonychia, confirming this finding.
Because the ILD test results were ambiguous, the taxonomic congruence arguments in the passage above outline Naylor and Adams's (2001) primary evidence for pinpointing the dental partition as the source of "misleading" (2001:450) signal in O' Leary and Geisler's (1999) data set. However, this majority of statements in this quoted passage are either problematic or refutable for the following five reasons.
1. Naylor and Adams (2001) reported 46,209 most parsimonious trees from their analysis of the morphological matrix with dental characters excluded. A grouping of hippos and whales was resolved in the 50% majority rule consensus of these topologies but was not supported by a strict consensus tree. Several authors have noted that groups resolved in a 50% majority rule consensus tree but not in the strict consensus tree are of dubious empirical value because conflicts among minimum length trees for a data set are disregarded (e.g., Nixon and Carpenter, 1996b) . Sharkey and Leathers (2001:283) explicitly noted that "using majority rule consensus as a criterion for selecting trees equates reliability with ambiguity." These criticisms notwithstanding, Naylor and Adams (2001) employed 50% majority rule consensus trees throughout their reanalysis of O' Leary and Geisler's (1999) data set and apparently (based on our attempts to repeat their work) did not complete branch swapping in many of their searches. In our analysis of the nondental data set (Fig. 2b) , we found 93,578 most-parsimonious trees of the same length as those found by Naylor and Adams (2001) .
2. Naylor and Adams stated that "when the dental data are removed, the remaining morphological characters (extant and fossil combined) yield a tree corresponding to that obtained from an analysis of the molecular data alone" (2001:447). Later in their paper, they added that the nondental data set "results in a topology entirely consistent with that of the molecular data" (2001:448) and that molecular data "yield a phylogenetic signal identical to that found from an analysis of fossil and extant morphological data from which only the dental characters have been excluded " (2001:452) . These statements are false. The strict consensus tree for the nondental data set exhibited numerous discrepancies with previously published molecular results, which do not group camels, sheep, and mouse deer to the exclusion of hippos and whales nor do they show camels to be more closely related to sheep than to the mouse deer (Fig. 1e) . The nondental data also grouped the horse (Equus) (Fig. 2b) closer to artiodactylans (e.g., sheep, camels) than to Eocene fossil stem horses and tapirs (Hyracotherium, Heptodon); paraphyly of Perissodactyla is a result in full conflict with prior analyses of mammalian phylogeny (e.g., Holbrook, 1999; Murphy et al., 2001 ). The only apparent consistency with previous molecular topologies was the hippo + whale grouping that was not even resolved in the strict consensus of most-parsimonious trees. Overall, six groupings of extant taxa were resolved by analysis of the nondental data (Fig. 2b) , and three of these are contradicted by molecular data ( Fig. 1e ; see also Gatesy et al., 1999 Gatesy et al., , 2002 .
The topological incongruence with molecular data created by Naylor and Adams's (2001) elimination of dental characters was extensive (Fig. 2b) . The WHIPPO-2 matrix (Gatesy et al., 1999) , a large molecular data set of paraxonian DNA sequences published 2 years prior to (Fig. 1e) . The orange circle indicates a node that is inconsistent with perissodactylan monophyly. Black circles designate clades supported by the nonbasicranial data set that conflicted with the complete morphological matrix. Green circle marks the only improvement in topological congruence with molecular results after the deletion of different morphological data partitions. For each data set, minimum tree length and the number of extra steps required to resolve artiodactylan monophyly are shown. Blue = cetaceans; purple = mesonychians; yellow = artiodactylans; brown = perissodactylans; and gray = other taxa. Common names for extant taxa and an extinct tapiroid perissodactylan are shown to the right of generic names. Lineages that connect extant taxa are colored dark gray; all other taxa are extinct. Phylogenetic analyses in PAUP * generally were heuristic with 1,000 random taxon addition replicates, tree bisection-reconnection (TBR) branch swapping, tree lengths calculated using all characters, and the "amb-" option in effect (Swofford, 1998) . The dental partition was an exception. Because of the number of minimum-length trees for this data set and computer memory limitations, branch swapping could not be completed in any single random taxon addition replicate. For the dental partition, 453,448 minimum-length trees were saved using multiple heuristic searches in PAUP 3.1.1 (Swofford, 1993) , and the number of extra steps required to recover artiodactylan monophyly was estimated by a heuristic PAUP * search with 1,000 random taxon addition replicates and maximally 1,000 trees retained per replicate, with the "amb-" option in effect. For the nondental partition, phylogenetic analyses in PAUP * , with and without the constraint of artiodactylan monophyly, were heuristic with 1,000 random taxon addition replicates, TBR branch swapping, and the "amb-" option in effect. Additional searches of the nondental data set were done in PAUP 3.1.1 as a comparison to the analysis in Naylor and Adams (2001) . These searches yielded 93,578 minimum-length trees. Because of the limited number of informative characters, extensive missing data, and character conflicts, bootstrap/jackknife analyses were not executed for the partitioned data sets. the study of Naylor and Adams (2001) , required an additional 119 character steps beyond minimum length to accommodate the conflicting relationships strictly supported by Naylor and Adams's (2001) analysis of nondental morphological data; 188 extra steps are required if perissodactylan paraphyly also is enforced. Each of these constrained topologies is a very poor fit to the molecular data relative to minimum-length molecular topologies (P = 0.0001 for Wilcoxon signed rank test of character support for a priori comparisons, Templeton, 1983) . For comparison, conflicting groups in the original morphological topology of O' Leary and Geisler (1999) required 140 extra steps from the molecular matrix (Fig. 2a) . If anything, removal of the "misleading" (2001:450) dental data increased topological incongruence with previous molecular results.
The extraction of any arbitrarily defined morphological partition from an analysis risks the removal of highly consistent characters with the deletion of any supposed inconsistent ones. The dental partition was very heterogeneous in terms of phylogenetic signal, as evidenced by extensive homoplasy within this partition when analyzed separately (consistency index of 0.4444; Kluge and Farris, 1969) . The deletion of all dental traits eliminated many characters that were congruent with independent DNA data and resulted in a topology that, contra Naylor and Adams (2001:448) , was inconsistent with previous molecular results (Fig. 2b) , not "a topology entirely consistent with that of the molecular data" (2001:448). All large published molecular matrices for Paraxonia severely contradict the nondental tree (see Fig. 1 ).
3. Naylor and Adams made two points regarding the strength of support for artiodactylan paraphyly in their partitioned analyses. Surprisingly these statements were not based on quantitative indices of support. They stated that "when both the dental and basicranial partitions were excluded, Artiodactyla was found to be paraphyletic with respect to Cetacea. . .. Although the remaining signal supports Artiodactyl [sic] paraphyly, it does so only weakly " (2001:447) . In contrast, the nondental data "strongly supported a phylogeny identical to that found for the molecular data, namely, that Artiodactyla is paraphyletic with respect to Cetacea" (2001:451) . Their first statement is true; with both dental and basicranial characters removed, only three extra character steps were required to resolve artiodactylan monophyly. However, their second statement is false. For the nondental partition, artiodactylan monophyly also demanded only three extra character steps beyond minimum-length ( Fig. 2b ; P > 0.400 in Wilcoxon signed rank test for many comparisons of minimum-length trees with and without artiodactylan monophyly). Therefore, we contend that the nondental data did not "strongly" support artiodactylan paraphyly.
4. In the ILD analyses, the basicranial partition, like the dental partition, was significantly incongruent with three other morphological partitions. Naylor and Adams (2001) however stated that dental characters, not basicranial characters, were problematic, based on their taxonomic congruence results (2001:447): when the basicranial partition was excluded, the relationships among the major clades were nearly identical to those found by O' Leary and Geisler (1999) . Artiodactyla, Cetacea, Mesonychia, and Perissodactyla were all found to be monophyletic, and Mesonychia was the sister-group to Cetacea. This implies that the basicranial partition has little influence on the topology obtained by O' Leary and Geisler (1999) .
These statements are false; 22 of 31 clades favored by the nonbasicranial partition conflicted with the tree of O' Leary and Geisler (1999) (Figs. 2a, 2c) . The nonbasicranial data set strictly supported a paraphyletic Artiodactyla, with extant cetaceans nested within, diphyly of Cetacea, and paraphyly of Mesonychia (Fig. 2c) . Of the five groups that Naylor and Adams (2001) listed as being supported by this data set, only one, Perissodactyla, was recovered in our parsimony reanalysis. Removal of the basicranial characters radically rearranged relationships supported by O'Leary and Geisler's (1999) data set ( Fig. 2a) and contradicted Naylor and Adams's primary thesis.
5. Naylor and Adams's (2001) argued that "a phylogenetic analysis of the dental data alone supports a close relationship between Cetacea and Mesonychia" (2001:447) and that this finding points to the dental partition as the "anomalous hierarchical signal" (2001:448) in the morphological data set. Again, we could not replicate this result. Phylogenetic analysis of the dental partition produced hundreds of thousands of minimum-length topologies, and we retained 453,448 trees found in multiple heuristic searches initiated by different random taxon addition sequences (Naylor and Adams [2001] truncated their search at 88,737 trees; D. Adams, pers. com.). The strict consensus of our 453,448 trees had little structure and did not group Cetacea with Mesonychia (Fig. 2d) . A 50% majority rule consensus tree also did not support the quoted statement above from Naylor and Adams (2001) and instead resolved a paraphyletic Artiodactyla, a monophyletic Perissodactyla, and a large unresolved polytomy that included Leptictis, Asioryctes, three lineages of cetaceans, Eoconodon, Arctocyon, eight lineages of mesonychians, and the Eocene artiodactylan Diacodexis.
Even if analysis of the dental data alone did support "a close relationship between Cetacea and Mesonychia" (Naylor and Adams, 2001:447) , this result would be congruent with all published molecular topologies, because any placement of the fossil clade Mesonychia (which has not been scored for molecular characters) is consistent with molecular results (e.g., Fig. 1c ). Artiodactyla and its traditional subclades (Fig. 1d) , which represent real topological discrepancies with molecular trees (Fig.  1e) , were not strictly supported by analysis of the dental partition alone (Fig. 2d) . Artiodactylan monophyly demanded three extra character steps beyond minimumlength for this data set, the same number of steps required from the nondental partition that "strongly supported" (2001:451) artiodactylan paraphyly.
WHAT ABOUT THE INCONGRUENT POSTCRANIAL PARTITION?
After showing that the postcranial characters were significantly incongruent with two other morphological partitions, Naylor and Adams (2001) did not comment again on the postcranial partition as a potentially anomalous phylogenetic signal. Our analysis of the morphological matrix, with postcranial characters deleted, yielded a strict consensus that supported Cetacea, Mesonychia, Perissodactyla, and a nonmonophyletic Artiodactyla (Fig. 2e) . All minimum-length trees favored a Cetacea + Mesonychia clade, grouped hippopotamid artiodactylans closer to Cetacea than to other extant artiodactylans, and therefore supported both of Naylor and Adams's (2001) "conflicting" phylogenetic hypotheses (Fig. 1c) .
In further exploratory analyses of the postcranial data, we noticed that removal of all characters relevant to the hind limb or removal of all foot characters yielded a topology that was quite congruent with Naylor and Adams's (2001) nondental tree (Figs. 2b, 2f ). Naylor and Adams (2001) characterized the dental data as the primary aberrant signal in the morphological data set because removal of this partition (45 characters, 37% of the total matrix) resulted in a 50% majority rule consensus tree with groups that they suggested perfectly matched the "molecular" results: whales grouping closest to hippos, a paraphyletic Artiodactyla, and mesonychians distantly related to whales. However, removal of 17 hind limb characters, only 14% of the total matrix, yielded all of these groups in a well-resolved strict consensus of six minimum-length trees (Fig. 2f) . Deletion of another arbitrary postcranial subpartition, forefoot and hindfoot characters (16 traits), supported the same set of trees (Fig.  2f) . Thus, morphological analyses that included the entire "suspect" (2001:453) dental partition supported all of the relationships that Naylor and Adams (2001) argued were inhibited by this "anomalous hierarchical signal" (2001:448) (Fig. 2f) . Four unequivocally optimized dental synapomorphies grouped hippos and whales to the exclusion of other extant paraxonians in these trees.
Clearly the patterns of character support, conflict, and missing data in O' Leary and Geisler's (1999) matrix are much more complicated than Naylor and Adams (2001) Leary and Geisler, 1999) . Solid bars at internodes show unequivocal optimizations, and open bars at internodes are equivocal optimizations (only one position for each equivocal optimization is shown). None of these characters supported groups that conflicted with molecular trees (red circles). When the morphological data set was analyzed without the putative serial homologues, subgroups of Mesonychia (the clade formed by the common ancestor of Harpagolestes and Hapalodectes) were unresolved, but no improvement in congruence occurred between molecular and morphological results. Nodes that conflict with molecular topologies are supported by unequivocal synapomorphies that are primarily nondental. The number of unequivocal dental synapomorphies is shown above each conflicting internode, and the number of unequivocal nondental synapomorphies is indicated below. Colors and labels are as in Figure 2. reported. Even the removal of small character partitions had profound and unpredictable effects on systematic results. This situation illustrates the potential liability of removing large heterogeneous data partitions from analysis. An examination of unequivocal synapomorphies from the O' Leary and Geisler (1999) data set showed that characters from multiple partitions, not primarily dental characters, supported each of the clades that conflicted with molecular topologies (Fig. 3) . In fact, the majority of these character transformations (80%) were in nondental traits, a result that again contradicts the primary thesis of Naylor and Adams (2001) .
PROBLEMATIC EXPLANATIONS FOR DENTAL INCONGRUENCE
In the final section of their paper, Naylor and Adams (2001) expanded arguments about the hypothesized incongruent nature of dental characters. Specifically, they used descriptive work from developmental genetics and arguments about convergent selection pressures to explain "why dental characters might be misleading" (2001:450). As discussed above, Naylor and Adams's (2001) ILD tests and taxonomic congruence comparisons did not single out the dental partition as an "anomalous" phylogenetic signal. They nonetheless developed three reasons to question the phylogenetic utility of dental traits: (1) developmental dependence, (2) functional dependence, and (3) excessive homoplasy.
On the issue of developmental dependence, Naylor and Adams said (2001:450), "Because the same underlying genetic architecture generates teeth in a particular tooth group, similar structures on different teeth (e.g., the hypocone) are de facto serially homologous." They argued, furthermore, that identification of different characters as serial homologues implied that these characters were phylogenetically redundant.
Identification of serial homologues (particularly in fossils) is complicated by a number of factors. Hall (1995:10-11 ) defined serial homologues as "serial repetition of features . . . based on common developmental processes." Developmental papers cited by Naylor and Adams (2001) showed (1) that in ontogenetic studies conducted primarily in the mouse (some also in the vole), similar developmental pathways are shared among groups of teeth (Jernvall and Thesleff, 2000) and (2) that in ontogenetic studies of the mouse using knockout experiments, impeding one gene affects the development of groups of teeth (Tucker et al., 1998; Tucker and Sharpe, 1999) . It is unclear therefore how Naylor and Adams (2001:450) had evidence that "similar structures on different teeth" in extinct whales or mesonychians "are de facto serially homologous." The studies Naylor and Adams (2001) cited did not describe the development of teeth from extant artiodactylans, cetaceans, or other ungulates and said nothing about developmental pathways in extinct taxa, which comprise ∼85% of the genera most relevant to whale origins (O' Leary and Geisler, 1999) . For their argument Naylor and Adams (2001) had to assume that the ontogeny of a rodent was identical to the ontogenies of modern and extinct paraxonian species. This could be a gross oversimplification.
For example, empirical work on eye lens induction has shown that even intrageneric species can possess dramatically different ontogenetic trajectories to achieve homologous structures (see review by Hall, 1995) . Such results warn against assuming that similar developmental pathways automatically underlie similar phenotypes. Wray and Lowe (2000) also emphasized the opposite, that similar ontogenetic pathways can produce extremely different end products. Hall (1995:29) stressed that "many homologous features share common development but many do not." Thus, applying Hall's (1995) definition of serial homology (also see Wagner, 1989) , Naylor and Adams (2001) did not establish that certain dental characters from O' Leary and Geisler (1999) are "de facto serially homologous" (2001:450) because they did not present comparative developmental data for the appropriate taxa.
Also very relevant to this discussion is the following question: what is the specific implication for phylogeny reconstruction of labeling certain characters "serial homologues"? The developmental studies cited by Naylor and Adams (2001) were important descriptive contributions to the study of ontogeny, and their developmental discoveries could be incorporated into phylogenetic analysis directly as characters (see Janies and DeSalle, 1999) . These studies were not, however, fundamentally comparative or phylogenetic. Naylor and Adams (2001) implied that simply calling characters "serial homologues" means that the investigator has knowledge that these characters amount to phylogenetically redundant observations. That different tooth characters are serially homologous is, however, just an additional assumption made by Naylor and Adams (2001) in their phylogenetic reanalysis, and their recognition of serial homologues does not necessarily lead directly to the conclusion that these traits are phylogenetically correlated.
Even though they lacked specific developmental data, Naylor and Adams (2001) still argued that many dental characters from O' Leary and Geisler (1999) were serially homologous and "nonindependent" (2001:450). Naylor and Adams "identified a priori six sets of characters measured on multiple teeth that were presumed to exhibit such redundancy " (2001:450) . When characters within any set covaried in a principal coordinates analysis, that set was considered "serially homologous " and "redundant" (2001:450) . They argued that four of six sets covaried appropriately and concluded (2001:450), "11 characters in the dental partition exhibit nonindependence and pseudoreplication reflecting multiple coding of the same features." Naylor and Adams (2001:450) conceded, however, that "shared-derived history can cause character states to covary over a tree or a principal coordinates ordination in the same way as developmental nonindependence." Simply mapping these characters onto O'Leary and Geisler's (1999) topology (Fig. 3) demonstrated that none of the 11 putative serial homologues supported artiodactylan monophyly or any other morphological clades that conflicted with molecular evidence. Removing or downweighting these "serial homologues" therefore does not change the phylogenetic hypothesis of O'Leary and Geisler, except to decrease resolution within Mesonychia (Fig. 3) . A minority of these characters equivocally supports a grouping of Cetacea with Mesonychia (Fig. 3) , but again this grouping is compatible with both morphological and molecular trees (Fig. 1c) .
Problems with the serial homology arguments notwithstanding, Naylor and Adams (2001) next discussed functional correlation as another potential reason dental data confounded phylogenetic results. Their principal coordinate analysis indicated that, "the metacone on the upper molar M 2 fell close to the metaconid cluster " (2001:450) and that this possibly was an "an additional instance of functional and developmental nonindependence" (2001:450) . They presented, however, no argument for why these traits should be functionally correlated. Furthermore, on this subject Farris (1969:374) noted that "even if we could find some way to measure, for example, the 'functional importance' of a character, it would still remain to be demonstrated that the measure of functional importance was correlated with the utility of the character for purposes of cladistic inference." Even if Naylor and Adams (2001) had presented an argument about the functional relatedness of these characters, it would be an oversimplification to equate functional nonindependence with phylogenetic nonindependence. In any case, variations in M 2 metacone shape (character 52 in Fig. 3 ) did not support artiodactylan monophyly or any other clades that conflicted with molecular evidence (Fig. 3) .
Naylor and Adams (2001) introduced a third line of argumentation as to why dental data are problematic for phylogeny reconstruction. They hypothesized (2001:452) that "mammalian teeth are more evolutionarily plastic than was originally believed, and that any phylogenetic signal initially present in the dental data has been eroded because of convergent evolution." In support of this statement Naylor and Adams (2001) cited Jernvall's (2000 Jernvall's ( :2641 assertion that "small cusps may be unreliable as phylogenetic signals," an inference that emerged primarily from descriptions of mouse development (Jernvall et al., 1998; Jernvall and Thesleff, 2000) . The generality of this assertion is, however, wholly speculative. Jernvall's (2000) observation of ontogenetic variation in a character in an individual species is not evidence of the phylogenetic variability of the character across other living and extinct species. Extrapolating directly from ontogeny to phylogeny has little relationship to phylogenetic hypothesis testing and greatly oversimplifies the phylogenetic role of developmental data (Janies and DeSalle, 1999) .
In this line of argument, Naylor and Adams (2001) cited a recent systematic study of Cretaceous mammals (Luo et al., 2001) as an example in which dental traits have been shown to be evolutionarily labile and prone to convergence. Luo et al. (2001) suggested that tribosphenic molars evolved multiple times in early mammals, and Naylor and Adams (2001) argued that this result indicated that homoplasy in teeth has generally been underestimated in mammalian systematics. Naylor and Adams (2001) failed to point out, however, that Luo et al.'s (2001) tree was derived from a data matrix that contained ∼35% dental characters and that each of these dental characters was treated as an independent piece of phylogenetic evidence. It was illogical for Naylor and Adams (2001) to endorse the final result of Luo et al. (2001) , where dental data served as synapomorphies at critical nodes, and to argue simultaneously that the fundamental phylogenetic usefulness of dental data should be questioned. In the face of this inconsistency, it is hard to understand how Naylor and Adams concluded that "there is every reason to suspect that . . . dietary selection pressures . . . would override any phylogenetic signal in an evolutionarily malleable tooth morphology" (2001:452). Naylor and Adams's (2001) extrapolations from ontogeny to phylogeny and from one phylogenetic analysis to another were not justified. In separate analyses, the dental data in O'Leary and Geisler's (1999) matrix had a higher ensemble consistency index (0.4444; Kluge and Farris, 1969) and retention index (0.7727; Farris, 1989) than the remaining morphological characters (consistency index = 0.4024; retention index = 0.7112). The values for these two partitions are actually very similar but higher for the dental data. Dental convergence might have occurred in Cretaceous mammals, but this convergence is not necessarily a predictor of the evolutionary behavior of dental characters across Mammalia. In Paraxonia, the clade of interest, dental homoplasy has not been shown to be excessive relative to homoplasy in other morphological traits.
HISTORICAL PRECEDENCE FOR CHARACTER DELETION
Arguments such as those presented by Naylor and Adams (2001) share features in common with the philosophy underlying schemes of relationship and classification proposed much earlier in the history of systematics by scientists such as Cuvier (1800) and Blainville (1816) . These 19th century authorities argued that they had particular insights for judging the relative systematic importance of anatomical traits. In the 20th century, these arguments were embraced by evolutionary taxonomists who used perceived generalities of evolutionary process to determine which characters were reliable and which were not (Simpson, 1945; Mayr, 1969; see review by Cain, 1959) . With the development of cladistics, many raised questions about the testability (and therefore the scientific value) of such descriptions of evolutionary history (e.g., Farris et al., 1982) .
These challenges also apply to the arguments of Naylor and Adams (2001) because their criteria for distinguishing phylogenetically misleading from highly informative groups of characters are deficient for many of the same reasons. Without insights into some yet undiscovered law of nature, there is no particular reason to think that a functional, developmental, or ecological explanation for homoplasy is a better explanation of covariation than is synapomporphy. Simply proposing such generalities does not condemn characters to being phylogenetically uninformative.
The analysis of Naylor and Adams (2001) is the most recent manifestation of a disturbing trend towards data selectivity in paraxonian systematics. The phylogenetic database for this group is becoming large, but in most recent studies only small subsets of the available data have been examined, in isolation from the majority of potentially conflicting evidence. For example, in a study of the digestive tract, Langer (2001:87) noted that morphological characters, which happen to contradict the hypothesis he accepts, "can be seen as the result of convergent adaptations to an aquatic or amphibious lifestyle and have to be dismissed as phylogenetic evidence." Langer (2001) did not actually include these characters or any molecular data in his matrix, and his analysis yielded a variety of unconventional relationships. In an analysis of mitochondrial cytochrome b and selected morphological characters, Luckett and Hong (1998:154) contended that "even though 1140 nucleotide bases or characters comprise the cytochrome b gene of most eutherians, the majority of these traits appear to be of minimal value for assessing higher-level relationships." Citing Naylor and Brown (1998), Luckett and Hong (1998) argued that >95% of the nucleotide sites they examined were too variable to be informative and were eliminated from phylogenetic analysis.
Including certain data and excluding other published data when conducting phylogenetic analyses can result in well-resolved trees, but such trees are weakly tested even when they have high standard support measures (Kluge, 1997) . As a result, data exclusion has questionable relevance to empirical phylogenetics. The basis for such evaluations of characters is often the credibility of a particular null model (Maddison, 1990; Wollenberg and Atchley, 2000; O'Keefe and Wagner, 2001 ), a perceived evolutionary generality, or an arbitrary scheme of character partitioning. Characters suspected of covarying for developmental or functional reasons, however, actually might record phylogenetic congruence rather than convergence, and different characters assigned to an arbitrary class can contain mixed phylogenetic signals. Determinations of character reliability do not need to be based on arbitrarily chosen models or data partitions but instead can be decided by the combined congruence of all characters. Unjustified partitioning and character exclusion should not be used to reject analyses in which these additional assumptions were avoided.
CONCLUSIONS
None of Naylor and Adams's ILD tests and taxonomic congruence comparisons singled out the dental partition as a "signal markedly different from the rest of the morphological data" (2001:451), and many of Naylor and Adams's (2001) conclusions were not supported by reanalysis of O' Leary and Geisler's (1999) data. There was, therefore, no empirical reason for Naylor and Adams (2001) to explain why dental traits were so incongruent with all other morphological characters. Our (re)reanalysis of O'Leary and Geisler's (1999) matrix showed that (1) the interactions among arbitrary character partitions in phylogenetic analysis were complex, (2) the dental partition was very heterogeneous in terms of phylogenetic signal, (3) dental characters, singled out by Naylor and Adams (2001) as serial homologues, did not support morphological clades that conflicted with molecular results (these conflicting clades primarily were supported by nondental morphological evidence), and (4) homoplasy of dental characters in Paraxonia was not extreme relative to other morphological partitions.
Naylor and Adams ended their paper by stating that "over-reliance on any form of data should be viewed with caution" (2001:452). We agree with this general statement; however, we disagree that to put this idea into practice requires deleting entire partitions of data, as done by Naylor and Adams (2001) and certain other recent analyses of paraxonian phylogeny. Such practices increase rather than decrease reliance on particular subsets of data. Inclusive simultaneous analysis of all available data minimizes overreliance on any one form of data (Nixon and Carpenter, 1996a) . When conflicts remain, new data should arbitrate the incongruence, rather than ad hoc ideas about the existence of arbitrary data partitions and how some of those partitions might be corrupt.
In our previous work, we have used partitions for heuristic exploration of phylogenetic data (e.g., Novacek, 1994; Gatesy, 1998; O'Leary, 1999) and to assess the stability of systematics results to data removal (e.g., Gatesy et al.,1999; Gatesy, 2002) . A hallmark of these studies is that they each presented a combined analysis and recognized that it best explained the data. Heuristic data exploration should not be confused with the approach of Naylor and Adams (2001) , in which selected partitions are discredited and a phylogeny based on incomplete data is preferred over the combined result.
The recent explosion of published phylogenetic analyses of Paraxonia includes contributions from such historically disparate fields as histology, paleontology, and molecular biology and challenges systematists to absorb data collected outside their area of specialization. We do not argue here in favor of a particular phylogenetic result or that no dental characters are convergent (doubtless many are). Instead, we simply suggest that more extensive systematic analyses will be required to sort out the relationships among living whales, artiodactylans, and their extinct relatives. A combined analysis of all potential homologues provides the greatest explanatory power because it casts phylogenetic analysis as an accretionary synthesis of detailed comparative work across all phenotypic and genotypic systems and in all taxa.
